INTRODUCTION
In countries with high tuberculosis (TB) burden, healthcare workers (HCWs) are at high risk of acquiring TB from nosocomial transmission, and TB is considered an occupational illness. 1, 2 The risk for nosocomial TB transmission is particularly high in resource-limited settings where infection control measures are inadequately implemented. Studies in Africa have shown that, compared to the general population, HCWs are up to 24 times more likely to develop TB due to exposure to infectious patients in the workplace. [3] [4] [5] Nosocomial transmission of TB among HCWs could lead to increased TB risk for other HCWs and patients, and contribute to TB transmission in the community.
HIV-infected HCWs are at increased risk for nosocomial TB compared to HIV uninfected HCWs. HIV-related immunodeficiency is the strongest risk factor for progression from Mycobacterium tuberculosis infection to TB disease, and TB is the leading causes of death among HIV-infected persons in resource-limited settings. 6, 7 Nosocomial transmission among HIV-infected patients and HCWs was an important driver of the extensively drug-resistant (XDR)-TB outbreak in KwaZulu-Natal Province of South Africa, with case fatality rate as high as 98%. 8 The World Health Organization's TB infection control policy recommends assignment of HIV-infected HCWs to job tasks that involve limited exposure to patients with confirmed or presumptive TB. 1, 9 A mathematical modeling study found that an integrated infection control intervention including reassignment of HIV-infected HCWs to low risk areas could significantly reduce XDR-TB transmission in South Africa. 10 Reassignment of HIV-infected HCWs may also contribute to combating TB and drug- The aim of our study was to compare exposure to TB patients between HIVinfected and HIV-uninfected HCWs in health facilities in Botswana, a country that is hyperendemic for TB and HIV. Botswana ranks among the highest countries in TB incidence and HIV prevalence globally 11 − HIV prevalence is greater than 60% among TB patients, and 40% of deaths among HIV-infected persons are attributable to TB. 12 We also examined administration of antiretroviral therapy (ART) and isoniazid preventive therapy (IPT) among HIV-infected HCWs, which are recommended measures to reduce TB risk in this population.
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STUDY POPULATION AND METHODS
Study population and setting
We conducted the present study in six districts with high TB burden in southern Botswana: Gaborone, Francistown, South East, Southern, Kgatleng, and Kweneng 
Procedures
In-person interviews were conducted as part of a clinical 'wellness' consultation using a standardized data collection form, which included measures of HIV status, CD4+ T cell count, history of TB, position of employment, current department, years working in healthcare, and demographic information. The frequency of exposure to TB patients was determined by asking participants to select one of the following categories: daily, weekly, less frequently, and don't know.
HIV testing was offered to all HCWs with a negative or unknown HIV status. A rapid HIV test was given to those who accepted in accordance with Botswana's national guidelines. 12 HCWs who tested positive for HIV were referred to appropriate healthcare services and management. Participants were categorized as HIV positive if they reported having been diagnosed with HIV or if they tested positive on the rapid HIV test administered at the time of 'wellness' consultation. Participants who were eligible for an HIV test but did not receive a rapid HIV test were coded as missing and were excluded from the analysis.
Statistical analysis
The primary outcome in our study was self-reported daily contact with TB patients in the workplace. We estimated the probability of daily contact with TB patients for HIV-infected and HIV-uninfected participants by calculating the proportion of participants reporting daily contact with TB patients in each category. Prevalence ratios (PRs) and 95% confidence intervals (CIs) were estimated using normal approximation. 14 Next, we constructed a multivariable Poisson regression model with robust variance to estimate PRs adjusted for potentially confounding variables. [15] [16] [17] This method has been shown to generate unbiased PR estimates with good statistical coverage for binary outcome variables. [15] [16] [17] We specified daily contact with TB patients as the dependent variable. The covariates for inclusion in the final model were selected a priori based on a conceptual model of factors associated with HIV status and exposure to TB patients.
The final model included the following covariates: HIV status, sex, age (x 10 years), occupation, and department. Statistical analysis was performed using R version 3.3.0 (The R Project for Statistical Computing; http:/www.r-project.org). As recommended by recent statistical guidelines, we did not specify an alpha cutoff for statistical significance. 18 were excluded from the analysis. Participants who were excluded from the study were more likely to be nurses (50.2%), male (28.7%), and report daily exposure to TB patients (59.7%) compared to included participants. Other characteristics were similar between included and excluded participants.
Ethical considerations
Of the remaining 1,388 (73.9%) participants, 277 (20.0%) were HIV-infected (Table 1 ). Compared to HIV-uninfected participants, HIV-infected participants were more likely to be female, older, occupied as porter/cleaner/driver, and report history of prior TB treatment (Table 1) . Among HIV-infected participants, 38 (13.7%) were newly tested positive for HIV by our study, 152 (54.9%) were taking ART, and 95 (34.3%) reported prior IPT use (Table 1) . Table 2 shows bivariate analysis of factors associated with daily exposure to TB patients. Due to small number of participants in the medical officers/interns/students occupation group, we combined that category with nurses for this analysis. HIV-infected participants were slightly less likely to report daily exposure to TB patients compared to HIV-uninfected participants (Table 2; (Table 2) .
DISCUSSION
We report findings from a large cross-sectional study of HIV-infected and HIVuninfected HCWs in Botswana. Our finding that nearly 20% of HIV-infected participants had a prior history of TB treatment suggests that HIV-infected HCWs in our study are at high risk for TB. Despite existing policy recommendations for reassigning HIV-infected HCWs to low TB risk areas, we found only a small difference in daily exposure to TB patients between HIV-infected and HIV-uninfected HCW participants.
Our findings are consistent with studies of TB infection control practices in southern Africa, which show that few heath facilities redeploy HIV-infected HCWs to lower TB risk assignments. 19, 20 For example, one study found that only 5 out of 10 HIV clinics in Botswana reported following this recommendation prior to a TB infection control intervention. 20 Our findings suggest that policy recommendation for administrative reassignment of HIV-infected HCWs may have led to only a small decrease in exposure to infectious TB patients among HIV-infected HCWs.
Our findings underscore the difficulty of reassigning HIV-infected HCWs. Studies have shown that stigmatization of HIV and TB among HCWs is a strong barrier against HIV testing, which impairs the ability to reassign HIV-infected HCWs. [21] [22] [23] [24] HCWs experience particularly high levels of stigma due to internal and external expectations for health professionals to be negative for HIV. HIV-infected HCWs may be concerned that reassignment to lower-risk areas would raise suspicion about their HIV status among their colleagues. 22 Workplace interventions, such as the project upon which this study is based, may reduce stigma, improve HIV testing and disclosure, and facilitate reassignment of HIV-infected HCWs. 24, 25 Reassignment is also difficult in many health facilities because of the limited options available for reassignment within the facility. For example, in HIV and TB clinics, the entire facility may be considered high risk for exposure to TB patients. 22 In addition, the true risk of TB exposure is difficult to assess. Patients in departments and wards where TB is not suspected may have undiagnosed and untreated TB -posing a higher risk of TB exposure than expected.
In addition to reassignment, HIV-infected HCWs should be provided with free access to ART and IPT to reduce TB risk. 1 We found that over 40% of the HIV-infected participants in our study were not on ART and nearly two out of three never received IPT. At the time of this study, the CD4+ T cell threshold for ART eligibility in Botswana 
